5.16.46 DETERMINATION OF PAVEMENT PROFILE WITH THE PROFILOGRAPH
(Kansas Test Method KT-46)

a. SCOPE

This method of test covers the procedure for determining the
smoothness, profile index, of Dboth concrete and Dbituminous
pavement using the California type 25-foot ©profilograph or
equivalent. This version uses english units only. See KT-54 for
the ST metric version.

b. REFERENCED DOCUMENTS

b.1l. KT-54; Determination of Pavement Profile with the
Profilograph - “Metric Version”

c. APPARATUS

c.l. California type, 25-foot, profilograph or equivalent (Figure
1), with pointer. The 25-foot profilograph is a rolling straight
edge; which measures vertical deviations from a moving 25-foot
reference plane. The pavement profile is graphically recorded on
a profilogram with scales of 300:1 1longitudinally and 1:1
vertically.

c.2. Blanking band which is a plastic scale 1.70 inch wide and
21.12 inch long representing a pavement length of 528 ft or 0.1
mile at a scale of 1 inch = 25 feet. Near the center of the scale
is a dashed line extending the entire length of the plastic scale.
On either side of this dashed line are scribed lines 0.1 inch
apart, parallel to the dashed line. These lines serve as a
convenient scale to measure deviations of the profile trace above
or below the dashed reference line. These deviations are called
"scallops".

c.3. Scale graduated in 0.1 inch.

c.4. Medium point ballpoint pen with red ink or other color
contrasting to the profile trace.

c.5. Electronic calculator.

c.6. Plain recording chart paper as specified by the manufacturer
of the profilograph.
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c.7. Bump template which is a plastic template having a marked
length one-inch long on one face, and a slot (or edge) parallel to

the marked 1length. A distance equal to the maximum bump
specified, 0.40 inch, separates the two reference lengths
(Example, Figure 2). The 1 inch line corresponds to a longitudinal

distance of 25 feet on the longitudinal scale of the profilogram.

d. CALIBRATION

d.1. All profilographs used on KDOT projects must be calibrated at
least annually. Calibration must be checked any time the
profilograph has been altered or repaired. The certification
includes establishing the proper tire inflation pressure, checking
the trueness of the tire travel, checking the chart scale factor,
and checking vertical displacement of the sensing wheel.

d.2. Each District and contractor using a profilograph shall
establish a 500 to 1000 foot distance calibration test section on
or near each project. This test section should be fairly
straight, relatively flat and used periodically to check the
longitudinal calibration and trace reproduction.

d.3. Longitudinal calibration consists of pushing, at walking
speed (approximately 3 mph), the profilograph over a pre-measured
test distance (500 to 1000 feet) and determining the chart scale
factor. Dividing the premeasured test distance in inches by the
profilogram trace length, for the test distance, in inches will
determine the scale factor. This factor shall be 300 + 0.5. If
the profilograph produces charts with a different scale factor,
adjustment of the profilograph must be made to bring the scale
factor within the tolerances specified above.

d.4. Vertical calibration consits of placing the center recording
wheel of the profilograph on a base plate and recording the base
elevation. Two plates 0.5 inches thick each are added under the
center wheel one at a time and the change in elevation noted. The
two plates are removed one at a time and the change in elevation
noted. Each step in the process shall show a change in height of
0.5 inches * 0.01 inch. If the profilograph produces results not
conforming to the above limits, it must be adjusted to within the
tolerance specified.

d.5. The automatic trace reduction capability of a machine so
equipped shall be checked by comparing the machine's results to
the results obtained through manual trace reduction. The
comparison shall be made for the trace obtained at the Materials
and Research test section and for each project, at the project
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test section. The results of the comparison may not differ by more
than 2.0 inches/mile. All calibration traces and calculations
shall be submitted to the Materials and Research Center or to the
appropriate construction office to become part of the project
file.

e. TEST PROCEDURE

e.l. The profilograph is propelled at walking speed (approximately
3 mph) in the paths indicated for each section of pavement (see
Figure 1). Propulsion may be provided by manually pushing or by a
suitable propulsion unit such as a garden tractor. DO NOT push or
pull a profilograph with a vehicle. More than one person may be
required to hold the back end of the profilograph exactly in the
required path on superelevated or sharp horizontal curves.

e.2. Use of the pointer to maintain the required trace path is
mandatory.

e.3. If excessive "spikes" are encountered, decrease the rate of
travel. An excessive number of "spikes" on a trace make it
difficult to evaluate and may affect test results.

e.4. If possible, assemble the profilograph ahead of the location
on the pavement where testing is to start. With the distance
measuring wheel down and the pen in place on the trace paper, push
the machine to the start position in the direction the test will
be conducted. The center wheel should be the reference wheel.
While the profilograph is stationary at the start location, move
the cable attached to the pen thus creating a spike mark on the
trace and label that mark as the start location. Using this
procedure at the beginning and end of each trace will ensure that
all systems are working properly, that slack has been removed from
the drive chains, and will clearly define the start and end
location. Also mark which direction is up on the trace and the
direction the profilograph was pushed.

e.5. Push the profilograph in the same direction when recording
each trace for a given section of pavement.

e.6. Indicate stationing on the profilogram at least every 500

feet, using the procedure outlined in e.4. More frequent station
references of every 100 feet or every 200 feet are highly
desirable where possible. Station referencing on the trace is

used to accurately locate 0.40 inch bumps. Notation of landmarks,
roadway signs, etc. should also be made on the trace for
additional referencing.
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e.7. Completely 1label Dboth ends of the profilogram with the
project number, stationing represented on the roll and name of
profilograph operators. Fill out a report form and secure it
around the trace roll. This report 1insures that the person
reducing the trace and reporting results will have all necessary
information.

e.8. A little dirt or debris will spike out and not effect
profilograph readings, however, excessive mud or caked mud must be
removed prior to testing. Anything on the pavement surface longer
than 2 to 3 inches may not be considered a spike when reducing the
trace and should be removed.

e.9. When operating the profilograph, all wheels should always be
on the pavement for which the contractor is responsible. Test
from header to header whenever possible.

e.1l0. Pavement not tested at the end of a day's run due to barrier
fences, machinery or other obstructions shall be included in a
subsequent test run.

f. TRACE REDUCTION AND BUMP/DIP LOCATING PROCEDURE

£f.1. Using a red (or other contrasting color), medium point,
ballpoint pen; retrace the profilogram through the middle of any
spikes. This outlining procedure removes spikes and minor
deviations and generally smooths the trace for easier reduction
and analysis.

£.2. Use a 0.40 inch bump template (scribed side down) to locate
bumps/dips for removal. At each prominent bump/dip or high/low
point on the profile trace, place the template so that the scribe
marks at each end of the scribed line intersect the profile trace
to form a chord across the base of the peak/valley or indicated
bump/dip. The line on the template need not be horizontal. With
a sharp pencil, draw a line using the narrow slot in the template
(or edge) as a guide. Any portion of the trace extending
above/below this line will indicate the approximate length and
height of the bump/dip in excess of the specification.

There may Dbe 1instances where the distance between easily
recognizable low/high points is less than 1 inch. In such cases a
shorter chord length shall be used in making the scribed line on
the template tangent to the trace at the low/high points. It is
the intent, however, of this requirement that the baseline for
measuring the height of bumps (or depth of dips) will be as nearly
1 inch as possible, but in no case to exceed this value. When the
distance between prominent low/high points is greater than 1 inch,
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make the ends of the scribed line intersect the profile trace when
the template is in a nearly horizontal position. A few examples
of the procedure are shown in Figure 2.

After marking the bump/dip on the profilogram, determine the
station number of the center of the bump/dip by scaling from the
nearest reference mark. Enter the +track identification and
station on the KDOT Form 242 as shown in Figure 6.

£.3. Place the blanking band (scribed side down) over the profile
with the dashed reference line as nearly centered on the profile
trace as possible.

The profile trace may move from a generally horizontal position
when going around superelevated curves making it impossible to
follow the central portion of the trace without shifting the
blanking band. When such conditions occur, the profile should be
broken into short sections and the blanking band repositioned on
each section as shown in the upper part of Figure 2.

Indicate the beginning and ending of superelevated curves on the
profilogram at the time the profile trace is being made.

£f.4. Begin evaluating each trace from the same point on the road
so that sections representing the same length of road can be
aligned on the test report form. Measure and total the height of
all the scallops appearing both above and below the dashed
reference line, measuring each scallop to the nearest 0.05 inch.
Do not count a scallop as 0.05 inch Jjust because you see the
profile line or there is space under the line. Short sections of
the profile 1line may be visible above or below the dashed
reference 1line, but unless they project 0.03 inch or more
vertically and extend longitudinally for 0.08 inch or more on the
profilogram, they are not included in the count. Spikes are not
counted. Double-peaked scallops are only counted once as the
highest peak (Figure 3).

Write the total count in inches on the profilogram above the
profile line (toward the center of the section) and circle it.
Outline the position of the blanking band when reducing the trace
for later repositioning to <check trace reduction procedure.
Rotate the blanking band about the previous end position when
evaluating the next section (Figure 4).

When a scallop occurs at the end of the blanking band, count the
scallop only once. Place the scallop in the 0.1 mile section
where the peak is highest (Figure 4).
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Always use the measured trace length in computations. This length
may not agree exactly with distance by subtracting stationing.
Always use + after the total length on the report.

The measured roughness for each 0.1 mile section and for each
track shall be entered on KDOT Form 242 in the appropriate column
as shown in Figure 6.

£.5. The last section counted is generally not an even 0.1 mile.
If not, its length should be scaled to determine its length in
miles (Calculated to three decimal places). For the example shown
below, the last section measures 7.60 inches in length.

(7.60 in) (25 ft/in)

5,280 ft/mile

0.036 miles

If the last section is less than or equal to 250 ft (0.047 mile),
it is added to and included with the previous 0.1 mile section to
determine compliance with the profile index. If the last section
is more than 250 ft (0.047 mile), it 1is treated as a separate
section.

When the profilograph must be picked up or partially disassembled
and moved around an unpaved area or structure, a new section will

be started.

The profile index is determined as inches/mile using the “zero”

blanking band but is simply called the profile index. The
procedure for converting counts (inches of roughness) to profile
indices is illustrated in Figure 5. For 0.1 mile sections, the

profile 1index can be determined from the counts (inches of
roughness) by moving the decimal point one position to the right.
For odd 1length sections, the profile index 1is determined by
dividing the counts (inches of roughness) by the section length in

miles. The weighted average for a day's run 1is determined by
dividing the total counts (inches of roughness) for the day's run
by the total length (in miles) of the day's run. (See Figure 6.)
g. REPORT

g.l. Contractors shall furnish and certify profilograph test
reports, KDOT Form No.242. (Figure 6)

g.2. All profile traces (profilograms) Dbecome part of the
Engineer's permanent project records.
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h. OPERATOR CERTIFICATION

h.1. Basis of operator certification is attendance at an approved
training school and comprehension of the material presented, or by
having proof of certification by another agency with requirements
similar to KDOT.

h.2. A contractor's personnel may be decertified if the test
results vary from the KDOT results by more than what is regarded
as normal test variation.

h.3. When a contractor's personnel are decertified to issue
profilograph reports, such reports will not be recognized until
corrections in testing, trace reduction and reporting are made to
the satisfaction of the Engineer.

02-98
Page 7/14 5.16.46 KT-46



THIHM J11404d

ATdNISSY
T3THM TIXY
d1dLLTNW

Figure 1.

Lk (et

HdVHDO0TIA0dd

3003 INVT H0 LNIOT NOLLONYLSNGD -
INIOf NOLLDNULSNOD WOUA Y § FOVHL ==------=======-=

DU ANVINOUS YE FOVYL ---------=veeee
(34R41S LNIVA ) LNIOf NOLLONYISNOO ¥0 3004 ANY'1

THIHM ATI40dd 40 NOLLYDO']

ATHWESSY
THHHM TIXV
FTdLLTIN

02-98
KT-46

5.16.46

Page 8/14



CETR AT NER T

\f\ﬂg ALVIJINEL JNng

[ W FEY| 13) §T umy] 192 £7 + m.T._ |i_.“
# yexd Jo wiiy | 753 ANIEY wakkh sty p -

%:H?ﬁ\; w _u_._

ey

A poqlcg

dIINTHY 34 OL SJANE DNOLLVIOT NAHM ALV TdWHL ONIDVId 40 TOHLAW

NOLLVAATIAALNS HLIM SHAUND SOOIV LI0OHS DNIONN1OWT NAHM
AVINLLL SV STAIHS 3MLA0HA A0 NOLLSOd NEHM ONLLNNOD 10 (OHLIN

Figure 2

02-98
KT-46

5.16.46

Page 9/14



02-98
KT-46

— Panpnos w0 yead ey

=
!
'

|
I

o
i
AL iy

= | [t o
o F

v

¥ Fl o ' A
' i e g
—F T Iz
— 7 = i
i T st {7 o i - T3 o
[ {pa1unod you) N\ U] IIIY PAYSHD pUe
yuad 17148y 2 raassd Qyp o 3oos 10 [PAIURCS Juth i au apyoxl 4q pasojaus
ey Apune - dogpeos apqnog] mp Aq pasnes saxmdg g sunnzalioud jpewg seae 2 o) gog

(L1 = 170 + 0L 1) 21w s3d sayouy ") 51 0naas ajiu 17 STy a0y xapa) Agoig
(youwn e jo syiuay o) senoun gLt B UOB3E ajIme | s iy unoo o),

5.16.46

"3t | PO 131U33 3Y| I 20| auaifal pRp] ———,

Pl X ra
ol Y ral e onea e L Fa w.ml. ”_“._N
= e %, — J.l b L

e R —r

L e

2y 2usepd v pedy goon (g PIQUTR I ——

Figure 3}

s 5L L1 (11 AR o LTy e 1l

ELHEIS e WS KApU[ 3| odg Suls ] g0 popagy Tulmons e

Page 10/14



Figure 4
AOTATIRG BLAMEING BAND ARCUT
LAST EMD POIHT

Thiz

Hat Thisg

SCALLOPS OCCURRIMG AT ENO
OF GLANKING BAND

End af
Blanking Band Count this scallap
ance and iaclude in
section where geak
is highest

02-98
Page 11/14 5.16.46 KT-46



Figqure §

Procedure for Determining Profile Index

Segment Length Inches of Roughness Reported Roughness
fmiles} Shown on Trace {inches /fmila]
Exampla A
0.1 1.35 13.5
0.1 1.15 11.5
a.1 0.25 2.5
7.1 0.85 8.5
.k 0.30 3.0
0.1 0.80 4.0
0.1 0.5 1.5
g.1 Q.25 1.5
fg.055 * 0,20 1.6{1]
0.85% .60 §.5(2)
0.20
thi-gTges— = 0
5.60
(2) glgss = &2
Example B
d.1 Q.89 g.4
0.1 0.40 4.0
0.1 0.35 1.6{1)
0.037 + B.15 -
0.337 y 1.70 5.0{2)
Q.35 + Q.15
L - A
1.70
B §l3E7 3.0

* Sga opction {&)f5) of this tesc metheod.
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—_ Informalion
L (]
e [Mtermedinbe

Fiqure &, Final

PROFILOGRAFH REFORT OF PAVEMENT SMOOTHNESS

Praject No. 75-98 K 1234-01 Couaty Treqo
Contracior _40hn Doe Construction Company Pavement Type PCC
" Simtion 153+mm Station %Tﬂl’ﬁt Dhrection EB
Mo af Lanes _,____2_. Direction of Paving Ed
Date Placed {correeed) 8-9-M4 Date Tested _ 5710794
Tested and Evaluated by ____NOTMan Lee
e L inch Reinforced PCC
Track 1 Track 1 Track 2 Track 2 Track 3 Track ¥ Average
Measured Praofile Measured Frofile Measared Profile FProfile
Lengih Boaughorss  ledex Boughoess  ludex Bosrhoesy  Emsdox Index
{Miles) ([neches) {In./™Mi.} (lnches) (In/Bi) (Inches) {InSML) {In,/ML)
0.1 0.7% 7.5 0, 65 6,5 7.0
0.1 0.35 3.8 0,40 4.0 ik
0. 034 0.95 11,3 Q.80 9.5 10.4
0.284 2.05 7.2 1,85 6.5 6.9
Weignted
. Daily
Wheighted Daily Average Computation Auarage
2.05
LE5

3.90 inches/ 2 tracks = 1.95 inches/0.284 mile = 6.9 Average inches/mile

Bump Locatiens _ Track 2-None; Track |-Nooe

Certified by: _ Frortrriom Soe

Tule _Chief Profilograph Pusher
Jobn Doe Const, Co.

Org'n
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Fiqure 7,

PROFILOGRAPH REFORT OF PAVEMENT SMOOTHNESS
KDDT Form 242 Back Side

This ltwm shall be prepared and submitted, along with the profilggram, within two working days of the placement or
carrection of concrete paverment or onie working day for biraminoes pavement,

The type of repart 1 as follows:

Information - For check testing by Ks DOT and other sifustions oot required to huwe wsting,

Lnitinl = All required testing of pavememt for the: Brs tme [ may be the only ane ).

Intermediate - Aber some cormective action that hae not yvet been compleied.

Final - After all comective ection has been completed,

Pavement Type - PCC, HE, BM-1, 2ic.

Traffic Direction and direcrion of paving - NB, 58, EE, or WE depending on the design waffic flow of
the numbered route.

Number of Lanes - the number of laves placed at one lime.
Paving Action - Mill { 27 ), Hot Recycle (27), BM-=1 (1 143" ) &te.

Always camputs & weighted dally averape Wdt Daily Avg=
Toral count in inches
Mo ol trachks x length

Bump locabions are by station.

Distribution  Field Office (1}
Digtrict Office (1)
Bureau of Congt, & Maint, 1)
Pavement Surface Research Enginezt (1}

02-98
Page 14/14 5.16.46 KT-46



